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(54) Bone prosthetic material 

(57) A bone prosthetic material comprises a calcium phosphate group e.g. hydroxyapatite or calcium 
triphosphate granules which have open cells with an average pore size of 0.01-10 /zm over a surface 
density of at least one per 10 /an*. The prosthetic material is prepared by mixing organ.c mflammable 
panicles with a calcium based powder, granulating and then firing the mixture. 
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SPECIFICATION 

Bone prosthetic material and process for 
producing 

5 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a bone pros- 
thetic material (filler) is useful in oral surgery, 

10 orthopedic surgery and other fields for the 
purpose of filling the part of a bone which has 
been removed such bone removal may result 
from an operation on bone tumor, pyorrhea 
alveolaris or other diseases. The present in- 

15 vention also relates to a process for producing 
such a bone prosthetic material. 

Background of the Invention 
Bone prosthetic materials of the type con- 

20 templated by the present invention have here- 
tofore been used in the form of blocks, gran- 
ules or some other shapes that are formed of 
metals (e.g., cobalt-chromium alloys, titanium, 
and stainless steel), ceramics (e.g., alumina, 

25 zirconia, calcium triphosphate, hydroxyapatite, 
and calcium phosphate-based glass), high- 
molecular weight materials (e.g., silicone re- 
sins) and carbon. 
Of these materials, those which are based 

30 on a calcium phosphate group such as calcium 
triphosphate, hydroxyapatite and calcium phos- 
phate-based glass have been the subject of 
the most intensive studies in recent years be- 
cause they are very similar to bones in com- 

35 position and exhibit an extremely high degree 
of biocompatibility. However, even bone pros- 
thetic materials made of such calcium phos- 
phate group based materials are "foreign" to 
living tissues and their ability to coalesce with 

40 a new growth of bone is limited to the area 
which is close to the living tissues of interest. "- 
In areas distant from such living tissues the 
prosthetic material is subjected to a so-called 
encapsulating reaction in which it is sur- 

45 rounded a fibrous tissue to become exces- 
sively soft. Therefore, in areas where the heal- 
ing process is inactive, even the bone pros- 
thetic materials made from calcium phosphate 
materials fail to display good biocompatibility 

50 with the body tissues because of their encap- 
sulation in a fibrous tissue. 

Unexamined Published Japanese Patent Ap- 
plication No. 21763/1985 discloses an artifi- 
cial bone material that is composed of sin- 

55 tered hydroxyapatite having open cells with 
sizes of 10-100 /zm and a flexural strength of 
at least 100 kg/cm 2 . However, this artificial 
bone material has to sacrifice the porosity in 
order to attain a flexural strength of at least 

60 100 kg/cm 2 , and the number of open cells it 
has is too small to effectively prevent encap- 
sulation in a fibrous capsule. 

SUMMARY OF THE INVENTION 
65 An object of the present invention is to pro- 



vide a bone prosthetic material that is capable 
of coalescing with a new growth of bone 
without undergoing encapsulation in a fibrous 
capsule even if it is at site which is distant 

70 from living tissues and where the healing pro- 
cess is inactive. 

Another object of the present invention is to 
provide a process for producing such an im- 
proved bone prosthetic material. 

75 The invention can be summarized as a bone 
prosthetic material composed of porous cal- 
cium phosphate in granular form. The granules 
have open cells with an average pore size of 
0.01-10 /zm. 

80 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 7 is an electron micrograph (x100) 
showing the structure of a granule in the bone 
prosthetic material prepared in the example of 
85 the present invention; and 

Figures 2 and 3 are electron micrographs 
showing the same granular structure but at 
different magnifications of 1,000 and 10,000. 

90 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The bone prosthetic material provided by 
the present invention is composed of porous 
calcium phosphate group based granules hav- 
95 ing open cells with an average pore size of 
0.01-10 /zm. 

According to the present invention, this 
bone prosthetic material is produced by a pro- 
cess which comprises the steps of mixing a 

100 calcium phosphate powder with organic infl- 
ammable particles having an average size of 
0.01-10 /zm, granulating the resulting mix, 
and firing the granulation. 
Encapsulation of the bone prosthetic ma- 

105 terial brought into the living body is induced 
by macrophages .that adhere to the prosthetic 
material and identify it as foreign matter. The 
present inventors conducted a close study of 
this phenomenon and found that if there is a 

1 10 passage of body fluids at the site of the bone 
prosthetic material to which macrophages 
have adhered, the prosthetic filler will not be 
considered to be foreign matter by the macro- 
phages and will not undergo encapsulation in 

115 a fibrous tissue. 

The present invention has been accom- 
plished on the basis of the fact that by form- 
ing open calls in a bone prosthetic material, 
passages for body fluids into the interior of 

120 the prosthetic material are provided and its 
encapsulation in fibrous tissues is prevented 
so as to promoted its coalescence within a 
new growth of bone. In order that the bone 
prosthetic material will not be identified as 

125 foreign matter by macrophages, the pore size 
of the open cells in the prosthetic material is 
important and specifically they should not be 
excessively larger than the macrophages. 
To meet this requirement, the bone prosthe- 

130 tic material of the present invention is pro- 
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vided with open cells having an average pore 
size of more than 0.01 /zm but less than 10 
fim. This average pore size range will be de- 
noted as 0.01-10 /zm. It is difficult to pro- 
5 duce a bone prosthetic material with open 
cells having an average pore size of less than 
0.01 //m. In addition, body fluids have limited 
access to such excessively small cells and 
satisfactory prevention of encapsulation cannot 

10 be achieved. Cells having an average pore size 
exceeding 10 um are too much larger than 
macrophages to provide for the passage of 
body fluids at the site to which macrophages 
will adhere and it is also difficult to achieve 

15 satisfactory prevention of encapsulation of the 
bone prosthetic material. 

In a preferred embodiment of the present 
invention, the granules of which the bone 
prosthetic material is composed have, on av- 

20 erage, at least one open cell with an average 
pore size of 0.01-10 //m within a surface area 
of 10 /zm 2 . If this requirement is met, the 
open cells having an average pore size within 
the specified range are distributed at such a 
. 25 density as to increase the probability that 
open ceils will be situated at the site where 
macrophages are to adhere and thereby en- 
sure prevention of encapsulation in a more ef- 
fective way. 

30 In another preferred embodiment of the pre- 
sent invention, the open cells in the bone 
prosthetic material granules have an average 
pore size of 0.01-1 ^m. If this condition is 
met, macrophages that adhere to open cells 

35 will bridge them to ensure even better results 
in prevention of encapsulation. 

In still another preferred embodiment of the 
present invention, the bone prosthetic material 
granules have a porosity of 60-90%. If the 

40 porosity is less than 60%, the desired open 
cells are not easily formed and no satisfactory 
passage of body fluids will by provided. If the 
porosity exceeds 90%, there is a high likeli- 
hood that the resulting granules have reduced 

45 strength and are friable. 

In the present invention, the granules of 
which the bone prosthetic material is com- 
posed are not limited in any particular way as 
regards their shape and they may have a 

50 spherical or anomalous shape. In order to pro- 
vide for ease in the filling operation, the gran- 
ules preferably have an average size of 0.1-1 
mm. If the granules have an average size of 
less than 0.1 mm, they will be readily dis- 

55 placed by flowing body fluids. If the average 
size of the granules exceeds 1 mm, too many 
or excessively large gaps will form between 
granules to prevent effective coalescing to a 
new growth of bone. 

60 Any of the known calcium phosphate group 
based materials may be used in the present 
invention to make a powder which is to be 
mixed with organic inflammable particles in the 
manufacture of the claimed bone phosthetic 

65 material. Particularly preferable calcium phos- 



phate group based materials include hydroxya- 
patite and calcium triphosphate. The calcium 
phosphate powder made of these materials is 
composed of particles which typically have an 
70 average size of from about 1 to about 10 //m. 
Such particles may be ground in a ball mill or 
some other suitable device into fine particles 
having an average size of from about 0.05 to 
about 1 fim. 

75 The organic inflammable particles may be in 
the form of beads of synthetic resins such as 
polystyrene, polyvinyl alcohol and polypropyl- 
ene. Alternatively, they may be prepared by 
finely dividing cellulose, animal fibers or other 

80 fibrous materials. In order to form open cells 
having an average pore size of 0.01-10 /zm, 
the organic inflammable particles are required 
to have an average size within the same 
range. 

85 In granulating a mix of the calcium phos- 
phate group based powder with the organic 
inflammable particles, water, polyvinyl alcohol 
or some other appropriate material may op- 
tionally be added as a binder. The mix as the 
90 starting material preferably contains 30-70 
parts (wt%) of the organic inflammable par- 
ticles for 100 parts (wt%) by weight of the 
calcium phosphate group based powder. If the 
content of organic inflammable particles is less 
95 than 30 wt%, no satisfactory porosity is at- 
tained in the prosthetic granules. If the con- 
tent of organic inflammable particles exceed 
70 wt%, the resulting prosthetic granules have 
such a high porosity that their strength will be 

100 decreased. 

Various methods may be employed to make 
a granulation. One method consists of mixing 
a calcium phosphate powder with the organic 
inflammable particles to form a slurry which is 

105 then dried to form a block that is subse- 
quently ground into fine particles. Another 
method is to employ a pan-type granulator. 

The granulation thus prepared is then fired. 
While there is no particular limitation on the 

1 10 conditions that can be employed in firing the 
granulation, the following procedure is rec- 
ommended. The granulation is heated from 
room temperature to about 600°C at a rate of 
about 50°C/hr so as to burn away the organic 

115 inflammable parties. The granulation is subse- 
quently heated up to about 1200°C at a rate 
of about 100°C/hr and held at that tempera- 
ture for about 8 hours so as to produce a 
sinter. 

120 The bone prosthetic material produced by 
the method described above may be used in 
the following manner. After being sterilized, 
the filler is mixed with a sterile physiological 
saline solution and the resulting mix is charged 

125 into the lost part of a bone. The charged 
prosthetic material will coalesce to the sur- 
rounding bone tissue via a new growth of 
bone and thereby fill the lost part of the bone. 
A ball mill was charged with 600 g of a 

130 synthetic hydroxyapatite powder (particle size: 



3 



GB2 192389A 3 



1-10 fim), 400g of polystyrene beads "Fine 
Pearl" (trade name of Sumitomo Chemical Co., 
Ltd.; average particle size, 6 am) and 2000 ml 
of distilled water the ball mill was operated 
5 for 24 hours to make a slurry of hydroxyapar 
tite having an average particles size of 0.6 
fin). The slurry was put in a petri dish which 
was placed in an oven with internal air circula- 
tion for 24 hours at 100°C so as to dry the 

10 slurry into a block. The dry block was pulver- 
ized in a mortar into granules (100-1000 /zm) 
which were fired in an electric furnace under 
the following conditions: heating from room 
temperature to 600°C at a rate of 50°C/hr; 

15 subsequent heating from 600°C to 1200°C at 
a rate of 100°C/hr; holding at 1200°C for 8 
hours; and cooling at a rate of 200°C/hr. 

The fired hydroxyapatite granules were 
sieved to a size range of 300-500 jim by 

20 passage through a stainless steel screen. 

The bone prosthetic material made of the so 
prepared granule had open cells having an av- 
erage pore size of about 4 ptm. Electron mi- 
crographs of a single granule in this prosthetic 

25 material are reproduced in Fig. 1 (xlOO), Fig. 
3 (x 10,000). 

As described in the foregoing pages, the 
bone prosthetic material of the present inven- 
tion is composed of porous calcium phosphate 

30 group based granules having open cells with 
an average pore size of 0.01r-10 urn. The 
granules of which this filler is made permit the 
passage of body fluids at the site of adhesion 
of macrophages and will not be recognized as 

35 foreign matter by adhering macrophages. This 
provides for effective prevention against en- 
capsulation of the granules in fibrous tissues 
and thereby promote the coalescing of the 
granules to a new growth of bone and, hence, 

40 the healing process of the treated area. 

CLAIMS 

1 . A bone prosthetic material composed of 
porous calcium phosphate group based gran- 

45 ules having open cells with an average pore 
size of 0.01-10 /im. 

2. A bone prosthetic material according to 
Claim 1, wherein said granules have on aver- 
age at least one of said open cells within a 

50 surface area of 10 /zm 2 . 

3. A bone prosthetic material according to 
Claim 2, wherein said open cells have an aver- 
age pore size of 0.01-1 fim. 

4. A bone prosthetic material according to 
55 Claim 1, wherein said granules have an aver- 
age size of 0.1-1 mm. 

5. A bone prosthetic material according 
Claim 1, wherein said granules have a porosity 
of 60-90%. 

60 6. A bone prosthetic material according to 
Claim 3, wherein said calcium phosphate 
group granules comprise hydroxy apatite. 

7. A bone prosthetic material according to 
Claim 3, wherein said calcium phosphate 

65 group granules comprise calcium triphosphate. 



8. A process for producing a bone pros- 
thetic material comprising the steps of mixing 
a calcium phosphate based powder and or- 
ganic inflammable particles, granulating the re- 

70 suiting mix, and firing the granulation. 

9. A process according to Claim 8, 
wherein said organic inflammable particles 
have an average size of 0.01-10 jjm. 

10. A process according to Claim 9, 

75 wherein the amount of said organic inflamma- 
ble is 30-70 parts for 100 parts by weight of 
said calcium phosphate based powder. 

11. A process according to Claim 8, fur- 
ther comprising the step of adding water or 

80 polyvinyl alcohol as a binder to said resulting 
mix. 

12. A process according to Claim 8, fur- 
ther comprising the step of charging said fired 
granulation adjacent a bone. 

85 13. An orthopedic process comprising the 
step of charging adjacent a bone a prosthetic 
material composed of porous calcium phos- 
phate group based granules having open cells 
with an average pore size of 0.01-10 ^m. 

90 14. A bone prosthetic material as claimed 
in claim 1 , hereinbefore described. 

15. A process for producing a bone pros- 
thetic material as claimed in claim 7, substan- 
tially as hereinbefore described. 
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